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@ COLOR SENSOR. 

(§) A semiconductor color sensor comprising a semiconduc- 
tor layer including a lamination of a plurality of pn or pin 
junctions, the semiconductor layer having an electrically con- 
ductive layer on both surfaces thereof. The color sensor is so 
constituted that the generation of photo-carriers should in- 
crease with the increasing distance from the junction of the 
input side in the whole wavelength range to be measured, 
and current is detected by changing the voltage between said 
two electrically conductive layers. The color sensor of the in- 
vention features its simplified structure, and it may easily be 
formed into an integrated circuit and forrned with an in- 
creased effective area. In addition, the manufacturing pro- 
cess is simplified and the yield is increased, thus decreasing 
costs. 
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DESCRIPTION 

COLOR SENSOR 

TECHNICAL FIELD 
The present invention relates to a color 
sensor, and more particularly a color sensor wherein the 
construction of the sensor is simple, and it is easily 
integrated and large-scaled. 

BACKGROUND ART 

HithertO;. color sensors are used in order to 
obtain information about spectra of incident light. 

Among color sensors, color sensors using multi- 
junction semiconductors are considered to be favorable 
since they can detect .each spectrum of the incident light 
without distribution by coloring filter and the like. 
The color sensor like this has generally a construction 
as shown in Fig. 3. Fig. 3 shows a two-stage pin 
junction as an example. In Fig. 3, numeral 11 is a 
transparent electrode such as TCO, numeral 12 is the 
first stage pin junction, and numeral 13 is the second 
stage pin junction. A transparent conductive film 14 is 
provided between the first stage pin junction 12 and the 
second pin junction 13. Numeral 15 is a back electrode 
provide the reversed side to the incident light. 

In an element shown in Fig. 3, the short wave 
light (blue light) has weak penetration ability, so that 
it becomes mainly photoelectric current of the first 
stage pin junction, and the long wave light . (red light) 
becomes photoelectric current of the- first and the second 
stage pin junction. If the thickness of the first stage 
pin junction is made thin enough, red spectrum can be 
detected by detecting photoelectric current of the second 
stage. 

However, it is necessary for the conventional 
color sensors comprising multi- junction semiconductors 
that three terminals are provided, and that a transparent 
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conductive film is provided between both pin junctions. 
Therefore^ if the number of stage is increased like three 
stages and four stages / it is necessary that four 
terminals and five terminals are provided respectively, 
and that two layers and three layers of transparent 
conductive films are provided respectively. Accordingly, 
the conventional color sensors have drawbacks that the 
constructions become complex when an integrated color 
sensor is made or they are used as linear sensors. 
Complication of construction, as a matter of course, 
brings complication of manufacturing process and increase 
of cost. And also, there is a problem that the yield of 
color sensors decreases because of short circuit being 
formed for a pin junction even if there are a few 
pinholes therein since electric potential of transparent 
films provided between every both pin junctions is 
considered to be almost equal. 

Above-mentioned drawbacks taking into 
consideration, it is an object of the present invention 
to provide a color sensor wherein the construction of the 
sensor is simple, and it is easily integrated and large- 
scaled. 

DISCLOSURE OF THE INVENTION 
A color sensor of the present invention is a 
semiconductor element comprising a semiconductor wherein 
a plurality of pn or pin junctions are laminated, and 
conductive layers which are laminated on both surfaces af 
the semiconductor, characterized in that the 
semiconductor element is arranged in a way that the 
quantity of production of photocarr iers is increased in 
order from the light incident side for the whole wave 
length band to be measured, and that value of current is 
detected by changing voltage between both conductivity 
layers. 

BRIEF DESCRIPTION OP THE DRAWINGS 
Fig. 1 is a schematic illustration of an 



1 



- 3 - 



embodiment of a color, sensor of the present invention; 

Fig.. 2 is a graph showing characteristic curve 
of the color sensor shown in Pig. 1; and 

Fig. 3 is a schematic illustration of the 
5 conventional color sensor comprising multi-junction . 
semiconductor. 

BEST MODE FOR CARRYING OUT THE INVENTION 
Referring now to the drawings r there is 
10 explained a color sensor of the present ivnention. 

Fig. 1 is a schematic illustration of an 
embodiment of a color sensor of the present invention. 

In Fig. 1, numeral 1 is a transparent electrode 
provided on the light incident side. Numeral 2 and 3 are 
15 the first stage pin junction and the second stage pin 

junction respectively^ and they comprise a semiconductor 
layers wherein the layers are laminated in order of pin 
. pin from the transparent electrode 1. A back electrode 4 
is provided on n-type layer of the second stage of pin 
20 junction. Both the back electrode 4 and the transparent 
electrode 1 have conductivity r and terminals are formed 
therewith. After that, a circuit is formed with the back 
electrode 4^ the transparent electrode 1, the terminals,- 
a variable electric source 5 and an ammeter 6. 
25 As a material of transparent electrode 1, oxide 

metal films such as ITO and Sn02r thin metal films and 
-films comprising the mixture thereof can be employed. As 
a material of back electrode, metals such as AS,, Cu and 
Ag, which can make relatively ohmic contact with the 
30 neighbourhood semiconductor, are preferable, however, 

materials to-be employed are not limited" to them in the 
present invention. 

As kinds of semiconductors comprising 
semiconductor layers, any of amorphous semiconductors, 
35 amorphous semiconductors containing crystallite, and 

crystal semiconductors can be employed. Among them it is 
preferable that amorphous- semiconductors are employed 
becausjB good characteristics semiconductors can be 
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obtained by manufacturing process, which can form multi- 
junction in order with low cost, such as GD-CVD method 
and photo-CVD method. 

As types of junction of semiconductor, either 
of pn junction and pin junction can be employed. There 
is no limitation to the thickness of p- type layer, i-type 
layer and n-type layer, however, the standard thickness 
of amorphous silicon, for example, is in the range of 100 

to 500 A, 100 A to 700 A and 100 A to 500 A 
respectively. And also, the semiconductor layers can be 
formed by sputtering method, MBF method and MOCVD method 
except the above-mentioned GD-CVD method and photo-CVD 
method. Further, a part of multi- junction is formed by 
normal ion implantation method. In addition the 
semiconductor layers are so constructed for value of 
photoelectric current generated by the semiconductor 
layer at the light incident side as to always be the most 
among values of photoelectric currents for the whole wave 
length band to be used. The construction like this can 
be realized by that the thickness of active layers, i.e. 
i-type layers of all pin junctions are made equal, since 
absorption coefficient of amorphous silicon in visible 
light band is larger for shorter wave length. 

As amorphous semiconductors, alloys with 
elements such as C, N, Ge, Sn other than Si, i.e. a-SiC, 
a-SiN, a-SiSn, a-SiGe, a-SiCN and the like, and 
semiconductors containing crystalliters thereof. 

Next, there is explained the features of the 
colar sensor shown in Pig. 1. 

The fundamental feature is to detect the value 
of current with the ammeter 6 by applying voltage between 
the transparent electrode 1 and the back electrode 4. 

Fig. 2 shows a characteristic curves of the 
element when the voltage is applied. In Pig. 2, the 
solid line shows a characteristic curve of each stage. 
The color sensor functionates so as for current in each 
stage to be equal as a whole element, so that the 
characteristic curve becomes as shown by dashed line. As 
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shown in Fig. 2, there are two regions where the value of 
current is almost constant, against voltage. And also, 
when a color sensor has four stages, there are four 
regions where the value of current is almost constant. 

against voltage - 

From Fig. 2/ it is understandable that the 
value of current in the region of is almost equal to 
the value of Jsc of the second stage junction, so that 
the number of photo generating car riers can be 
estimated. And also^ the number of photo generating 
carriers at first stage junction can be estimated in the 
region of Vq similarly. Accordingly, if a color sensor 
is djBsigned to absorb almost blue light at the first , 
stage, only red light spectrum contributes to the value 
of current in the region of Vj^, so that when light having 
only blue light spectrum, for example, is applied, the 
intensity of blue light can be estimated by amending the 
value of current in the region of Vg with the value of 
current in the region of Vj^. 

Unless a semiconductor is so constructed for 
photoelectric current of light incident side as to be . 
always larger than those of other regions in whole wave 
length band to be used beforehand, it is not determined 
which photoelectric current the values of current in the 
regions of and indicate. The regions of voltage 
such as Vj^ and Vg are determined by breakdown voltage. 
For amorphous semiconductors, the breakdown voltage is 
controlled with film thickness and film forming 
temperature. 

INDUSTRIAL APPLICABILITY 
As is mentioned above, according to the color 
sensor of the present invention, the construction can be 
simplified, it is easily integrated and large-scaled, 
manufacturing process can be simplified, and the yiels of 
color sensors increases, so that there can be realized a 
color sensor with low cost. 
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CLAIM 

1 1. A color sensor of semiconductor element 

2 comprising a semiconductor wherein a plurality of pn or 

3 pin junctions are laminated, and conductive layers which 

4 are laminated on both surfaces of the semiconductor, 

5 characterized in that the semiconductor element is 

6 arranged in a way that the quantity of production of 

7 photocarriers is increased in order from the light 

8 incident side for the whole wave length band to be 

9 measured, and that value of current is detected by 
changing voltage between both conductivity layers . 

1 

2 2, A color sensor according to Claim 1, 

3 characterized in that at least one of the junctions is' 
pin junction comprising an amorphous semiconductor. 
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FIG: 2 



The first stage junction 




The second stage junction 
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FIG. 3 
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